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Antiproliferative and Cytotoxic Effects of Resveratrol in Mitochondria-
Mediated Apoptosis in Rat B103 Neuroblastoma Cells
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Resveratrol, a natural compound, has been shown to possess anti-cancer, anti-aging, anti-inflam-
matory, anti-microbial, and neuroprotective activities. In this study, we examined the antiproliferative
and cytotoxicity properties of resveratrol in Rat B103 neuroblastoma cells; although it’s molecular
mechanisms for the biological effects are not fully defined. Here, we examined the cellular cytotoxicity
of resveratrol by cell viability assay, antiproliferation by BrdU assay, DNA fragmentation by DNA
ladder assay, activation of caspases and Bcl-2 family proteins were detected by western blot analyses.
The results of our investigation suggest that resveratrol increased cellular cytotoxicity of Rat B103
neuroblastoma cells in a dose-and time-dependent manner with IC;s¢ of 17.86 M at 48 h. On the
other hand, incubation of neuroblastoma cells with resveratrol resulted in S-phase cell cycle arrests
which dose-dependently and significantly reduced BrdU positive cells through the downregulation of
cyclin D1 protein. In addition, resveratrol dose-dependently and significantly downregulated the
expression of anti-apoptotic protein includes Becl-2, Bel-xI and Mcl-1 and also activates cleavage
caspase-9 and-3 via the downregulation of procaspase-9 and -3 in a dose-dependent manner which
indicates that involvement of intrinsic mitochondria-mediated apoptotic pathway. In conclusion,
resveratrol increases cellular cytotoxicity and inhibits the proliferation of B103 neuroblastoma cells
by inducing mitochondria-mediated intrinsic caspase dependent pathway which suggests this natural

compound could be used as therapeutic purposes for neuroblastoma malignancies.
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INTRODUCTION

Neuroblastoma, one of the few human malignancies
known to demonstrate spontaneous regression from an un-
differentiated state to a completely benign cellular appear-
ance originating from the sympathetic nervous system, is
the most frequently occurring extra-cranial malignancy in
childhood [1,2]. It is a disease exhibiting extreme hetero-
geneity, and is stratified into three risk categories: low, in-
termediate, and high risk. Low-risk disease is most common
in infants and good outcomes are common with observation
only or surgery, whereas high-risk disease is difficult to
treat successfully even with the most intensive multi-modal
therapies available [2]. However, despite many advances
in diagnosis and standard interventions in the past three
decades, neuroblastoma has remained a formidable chal-
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lenge to clinical and basic scientists [3]. Therefore, the need
exists to develop novel agents to improve treatment out-
comes in this high-risk group. Strikingly, we would search
for novel therapeutic strategies for neuroblastoma; natural
product has attracted interest to achieve new approach for
chemotherapy.

To address these questions, we have here reassessed re-
sveratrol, a natural phytoalexin chemically known as 3, 4/,
5-trihydroxystilbene, is a polyphenolic antioxidant present
in red wine, grapes, berries, peanuts, etc. [4]. However, pro-
posed benefits of resveratrol include neuroprotection, as
well as cancer suppression is well studied [5-7]. The cancer
chemopreventive potential of resveratrol is related to acti-
vation of the mitochondrial pathway of apoptosis, which are
strongly implicated in cancer progression [8-11]. In addition
to cardioprotective effects, resveratrol has also been found
to exhibit anti-cancer properties, as suggested by its ability
to suppress proliferation of a wide variety of tumor cells,
including leukemia and cancers of the breast, lung, stom-
ach, colon, liver, pancreas, and prostate [12].

The precise molecular mechanism(s) of resveratrol-in-
duced apoptosis in Rat B103 neuroblastoma cells by which
resveratrol exerts its anticancer effect has not yet been
elucidated. A new dimension in the management of neo-

ABBREVIATIONS: BrdU, bromodeoxyuridine; Bel-2, B-cell lympho-
ma 2; Bel-xL,, B-cell lymphoma-extra large; Mcl-1, myeloid cell leu-
kemia 1.
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plasia was the increasing awareness that chemoprevention,
which refers to the administration of chemical agents to
prevent carcinogenesis [13]. A large number of chemopre-
ventive and chemotherapeutic agents have been discovered
from natural products and these provide a promising strat-
egy to fight against cancer by inducing apoptosis in malig-
nant cells [14,15]. Resveratrol had been shown to exhibit
cancer chemopreventive effects in different systems based
on its striking inhibition of a variety of diverse cellular
events associated with tumor initiation, promotion and pro-
gression [8]. The antitumor activity of resveratrol has been
indicated by its apoptosis-inducing ability in numerous cell
types [8,16,17]. Resveratrol induces apoptosis in human
leukemia cells as demonstrates by DNA fragmentation, an
increased proportion of sub-diploids in the cell population,
and a dose-dependent increase in cleavage of the caspase
substrate poly (ADP-ribose) polymerase (PARP) [16]. Cas-
pase activation occurs via cascade signaling events, in
which the activation of initiator caspases would lead to the
activation of downstream executive caspases [18-20] and ul-
timately triggers the apoptotic cell death program [21]. In
the present study, we investigated the effects of resveratrol
on cellular viability, cell cycle arrest, and apoptosis in Rat
B103 neuroblastoma cell line. However, treatment of neuro-
blastoma cells with resveratrol was found to anti-prolifera-
tive effects which markedly induce S phase cell cycle arrest
via the downregulation of cyclin D1 protein. Interestingly,
resveratrol also was found to induce cytotoxicity of B103
cells in a dose- and time-dependent manner as mediated
through the downregulation of mitochondrial anti-apoptotic
proteins and the activation of intrinsic caspase mediated
apoptosis in B103 neuroblastoma cells.

METHODS
Materials

Resveratrol was purchased from Sigma-Aldrich, Chemi-
cal Co., (St. Louis, MO). The chemical were dissolved in
dimethyl sulfoxide (DMSO) at a stock solution of 10 mM
and then it was diluted with medium to obtain the working
concentration. Dimethyl sulfoxide (DMSO) was purchased
from Sigma-Aldrich (St. Louis, MO, USA). Dulbecco’s
Modified Eagle's Medium (DMEM) and fetal bovine serum
(FBS) were obtained from Gibco/BRL (Grand Island, NY).
Antibodies against caspase-3, cyclin D1, Mcl-1, Bel-2, and
Bel-xL. were obtained from Santa Cruz Biotechnology
(Santa Cruz, CA). Beta-actin was obtained from Cell
Signaling Technology (Beverly, MA). All other reagents
were of analytical grade or of the highest purity available.

Cell culture

Rat B103 neuroblastoma cells were grown at 37°C under
a humidified atmosphere of 5% COs. The cells were cultured
in Dulbecco’s Modified Eagle’s Medium (DMEM) plus 10%
fetal bovine serum, 50 U/ml penicillin and 50 «g/ml strep-
tomycin. Cells were starved with DMEM containing 0.5%
FBS. After 24 h starvation, the cells were treated with vari-
ous concentrations of resveratrol as described in the figure
legends.

Cell viability assay

Cell viability was determined using a cytotoxity assay
kit, the CCK-8 (Dojindo Lab, Japan) according to the manu-
facturer’s protocol. The cells were plated into 96-wells to
a density of 50~60% confluence. After 24 h incubation in
starvation media, the cells were treated with various con-
centrations of resveratrol. After treatment of 48 h, the
CCK-8 (10 1) was added to each wells of the plates and
incubated the plate for 3 h. A 96-well microtitre plate read-
er (Molecular Devices) was used to determine the absorb-
ance at 450 nm for the CCK-8. The mean concentrations
in each set of three wells were measured.

Cell morphology

The cells were plated into 24-wells plates at 37°C under
a humidified atmosphere of 5% COq. After 24 h when the
density was 50~ 60% confluence than starvation media was
added. After 24 h starvation, the cells were treated with
various concentrations of Resveratrol. For the cell morphol-
ogy experiment, the culture plates were examined under
a Bright-Field Microscope and photographed.

Detection of DNA fragmentation

For detection of apoptotic DNA cleavage, the DNA frag-
mentation assay was performed using ladder DNA frag-
mentation assay. In brief, cells were collected after treat-
ment at a various concentrations of resveratrol as described
in the figure legends and washed in PBS. The cells were
then lysed with 500 £1 of genomic DNA extraction buffer
(0.1 M Nacl, 10 mM EDTA, 0.3 M Tris-HCI, 0.2 M sucrose,
pH 8.0). The lysate was incubated with 20 «1 of 10% SDS
solution and incubated at 65°C for 30 min. Added 120 #«1
potassium acetate (pH 5.3) and stored on ice for 1 h after
that centrifuged for 10 min at 4°C 12,000 rpm. Added 2
1 (10 mg/ml) RNase to supernatant, and incubated for 30
min at room temperature. The DNA was extracted by wash-
ing the resultant pellet in phenol/chloroform extraction and
precipitaion by ethanol and then dissolved pellet with dis-
tilled water. DNA fragmentation was visualized by electro-
phoresis in a 0.8% agarose gel containing ethidium bro-
mide.

BrdU incorporation assay (Immunocytochemistry)

B103 cells were grown on a round cover slides in 24 well
dishes until the cells reached 80% confluence. The cells
were treated with 0 and 15 ¢ M resveratrol for 48 h and
then pulsed with 10 #M BrdU (5-bromo-2’-deoxyuridine)
for last 2 h. After fixing with 4% paraformaldehyde for 20
min, cells were permeabilized with 0.5% Triton X-100 for
15 min. The nuclei of cells were denaturated with 2 N HCl
for 10 min, washed three times with 0.1 M sodium borate
(pH 8.5). Following incubation with 10% normal serum to
block nonspecific binding for 1 h at room temperature and
cells were incubated overnight at 4°C with anti-BrdU anti-
body diluted in PBS solution. Then, the cells were washed
four times with PBS and incubated secondary antibody for
2 h at room temperature after that washed three times with
PBS and stained using an ABC kit (Vector) for 2 h at room
temperature and apply 0.05% diaminobenzidine tetrahy-
drochloride (DAB) to observe colour change until 3~4 min.
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The cells were mounted by polyvinyl alcohol and photo-
graphed at 400X magnification with a microscopy. The
numbers of labeled cells were counted.

Western blot analysis

B103 cells were starved on 60 mm culture dishes in
DMEM with 0.5% FBS for 24 h. Cells were pretreated with
various concentration of resveratrol as indicated in each fig-
ure legend and then washed twice with ice-cold PBS. Cells
were lysed in lysis buffer (2% SDS, Na3VO, and protease
inhibitor cocktail). After incubation on ice for 10 min soni-
cated 10 sec in 10% amplitude, the lysates were centrifuged
(13,000 g, 20 min). Supernatants were collected and protein
concentrations were determined by Bradford assay (Bio-
Rad, Richmond, CA). Equal amounts of protein were sepa-
rated by SDS-PAGE (8% to 15% reducing gels), transferred
to polyvinylidene difluoride membranes (Millipore, Bedford,
MA), and blocked with 5% non-fat milk. Membranes were
incubated in primary antibody overnight at 4°C. Membranes
were then washed in TBST (10 mM Tris, 140 mM NaCl,
0.1% Tween-20, pH 7.6), incubated with appropriate secon-
dary antibody, and washed again in TBST. Bands were vi-
sualized by enhanced chemiluminescence (ECL) and ex-
posed to X-ray film.

Statistical analysis

Results were expressed as mean+SEM. Statistical sig-
nificance was analyzed by one-way ANOVA followed by
Dunnett’s test or paired t-test using Prism 4 (GradPad
Software, La dJolla, CA, USA). p<0.05 was considered

significant.

RESULTS

Resveratrol increases cellular cytotoxicity of B103 neuro-
blastoma cells in a dose- and-time dependent manner
via apoptosis

To characterize the effect of resveratrol on neuronal cell
viability, Rat B103 neuroblastoma cells were treated with
various concentrations of resveratrol for 48 h, and viability
was assessed by cell viability assay. We used 0 to 20 «M
of resveratrol to determine its effect on neuronal cell
viability. With the increasing resveratrol concentrations,
the percentage of cell viability was decreased after 48 h
incubation. The ICs¢ determined after 48 h incubation was
17.86 M. After 5 «M concentration, resveratrol dose de-
pendently decreased cellular viability, while at a concen-
tration of 10 to 20 «M the number of viable cells was sig-
nificantly decreased as compared by control (Fig. 1A).
Further, a time exposure result was decreased in the viable
number of B103 cells. The viability decreased significantly
in response to 15 «M of resveratrol at 24 h incubation.
When the experimental time period was increased upto 72
h, at same concentration, it has shown a significantly large
number of cell deaths (Fig. 1B). Taken together these data
demonstrated that resveratrol increased cellular cytotox-
icity in a dose- and time-dependent manner.

To observe the morphological effects of B103 cell at 48
h incubation of resveratrol at 15 «M resveratrol was exam-
ined under a Bright Field Microscope and photographed.
It showed that damaged cells which had become round,

neurite retraction, membrane blebbing and shrunken at 15
1M of resveratrol, while the untreated B103 cells were well
spread (Fig. 1C). To further confirm their morphological ef-
fects, we examined internucleosomal DNA fragmentation,
which occurs during apoptosis, was assessed using a DNA
gel electrophoresis. No DNA fragment was found in un-
treated B103 cells but DNA fragments were observed in
cells treated with 15 and 20 ~«M resveratrol after 48 h,
indicating that the cells underwent apoptosis (Fig. 1D).
These results indicate that the morphological changes of
B103 cell by resveratrol was due to apoptosis which shown
fragmented DNA.
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Fig. 1. Resveratrol increases cellular cytotoxicity of Rat B103
neuroblastoma cells. (A, B) B103 cells were cultured in 96-well
culture dishes to near confluence 50~60% and then starved in
DMEM containing 0.5% FBS for 24 h. Cell death was determined
by using the cytotoxicity assay kit (CCK-8, Dojindo Lab). Cells were
exposed to resveratrol in a different dose of 0 to 20 «M in dose
dependent and 15 M in time dependent experiments. Each point
is mean+SEM of quintuple samples. Data are mean from three
independent experiments in which the activity in the absence of
resveratrol versus in the presence of resveratrol is significantly
different (n=3, **p<0.01). (C) B103 cells were grown in 24-well
culture dishes to near confluence 50% and then starved in DMEM
containing 0.5% FBS for 24 h. They were then added 15 «M
concentration of resveratrol and grown at 37°C, in humidified 5%
CO; for 48 h and then morphology was observed by Bright-Field
Microscopy. Arrows indicate cells with apoptotic morphology. (D)
B103 cells were grown in 100 mm culture dishes to near confluence
90% and then starved in DMEM containing 0.5% FBS for 24 h.
The cells were then treated with 0, 15 and 20 1M of resveratrol.
After 48 h resveratrol treatment, DNA was extracted and separated
on 0.8% agarose gel containing ethidium bromide. DNA fragments
were visualized under UV light. M indicates as a Marker. GA
(Gambogic acid) used as a positive control.
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Antiproliferative effects of resveratrol in S-phase cell
cycle arrest via the downregulation of cyclin D1 pro-
tein in B103 cells

Immunocytochemistry was carried out to check whether
resveratrol can affect the synthesis of DNA in cells using
a thymine analog BrdU which gets incorporated during
DNA synthesis by the bromodeoxyuridine (BrdU) incorpo-
ration assay. Resveratrol decreased the number of nuclei
undergoing DNA synthesis. At 15 «M concentration, most
of the cells synthesizing DNA were eliminated as compared
to control (Fig. 2A). DNA synthesis evidences by BrdU in-
corporation showed that the percentage of cells in the
S-phase decreased from 28.18 positive cells in control sam-
ples to 15.07 positive cells after resveratrol treatment at
15 «M (Fig. 2B). The result clearly revealed that treatment
of B103 cells with resveratrol may affect DNA synthesis
levels and caused a reduction in the BrdU positive cells
(brown stained). We, therefore, checked that the reduction
in cyclin D1 levels to resveratrol-induced G1 phase arrest.
Indeed, resveratrol treatment of B103 neuroblastoma can-
cer cells potently reduced the most important cell cycle pro-
tein cyclin D1 (Fig. 2C). Consistent with the established
function of cyclin D in promoting cell cycle progression

@
8

b

»
3

Resveratrol (uM)

3

BrdU Positive Cells (% total)

oo 15

Resveratrol (uM)

C Resveratrol (uM) D N
0 5 10 15 20 (%’, :: *
2 os
g 0.3- *%k

o2
o
[
w
0.0 50 10 15 20
Resveratrol (M)

Fig. 2. Antiproliferative effects resveratrol in DNA synthesis and
cyclin D1 downregulation. (A) B103 cells were culture on a round
cover slides in 24 well dishes until 80% confluence in 10% FBS.
The cells were then treated in the absence and presence of 15 ¢ M
of resveratrol. After 46 h resveratrol treatment, cells were
incubated with 10 «M BrdU for 2 h before fixation and subsequent
immunostaining with an anti-BrdU antibody (Arrow shows BrdU
positive cells). (B) The percentages of stained cells were counted
in three independent random areas. Results are means+SE and
representatives of three independent experiments are shown (n=3,
*p<0.05). (C) B103 cells were cultured in 60-mm culture dishes
to near 80% confluence in 10% FBS. They were treated with 0 to
20 1M of resveratrol for 48 h. Equal volumes of whole-cell extracts
containing 40 g of protein were separated and electrophoretically
blotted. Cyclin D1 was detected via immunoblot analysis. £ -actin
was used as a loading control. (D) The intensities of the cyclin D1
bands were determined by densitometric scanning and analyzed
by Bio-Profil software and the expression levels were normalized
to A -actin. Results are mean+S.E. and representatives of three
independent experiments are shown (n=3, *p<0.05, **p<0.01).

through G1 to S-phase, the reduction in cyclin D1 levels
by resveratrol led to a dramatic reduction of cell growth.
As measured by densitometry analysis cyclin D1 protein
was reduced near 0.2 fold at 5 «M concentrations and after
10 to 20 ~M resveratrol significantly and dose-dependently
decreaed the expression of cyclin D1 protein (Fig. 2D).
Collectively, this S-phase arrest suggests that the anti-
proliferative effect of resveratrol during apoptosis is medi-
ated at least in part by the downregulation of cyclin D1.

Resveratrol treatment affects the levels of Bcl-2 family
proteins in B103 cells

To understand the molecular mechanisms involved in the
activation of apoptosis induced by resveratrol, we first eval-
uated whether this natural compound might regulate an-
ti-apoptotic Bel-2 family proteins expression in B103 cells
treated with resveratrol (0 to 20 «M) for 48 h. Western
blotting and densitometry analysis demonstrated that treat-
ment of B103 cells with resveratrol resulted in a dose-de-
pendently reduction in the levels of the anti-apoptotic pro-
teins Bcl-2, Bel-xLi and Mecl-1 compared with untreated cells
(Fig. 3A). As measured by densitometry analysis Bel-2 pro-
tein was reduced 0.1 fold at 5 «M concentrations and after
10 to 20 «M resveratrol significantly and dose-dependently
decreased the expression of Becl-2 protein (Fig. 2B). Conco-
mitantly, levels of Bel-xI and Mcl-1 proteins were signifi-
cantly and dose-dependently reduced after 5 to 20 «M of
resveratrol (Fig. 2C, D). This observation suggestes that re-
sveratrol treatment can alter the protein levels of key mem-
bers of the Bcl-2 family, which may contribute to the sus-
ceptibility of cancer cells to mitochondrial dysfunction.
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Fig. 3. Resveratrol down-regulates Bcl-2 family proteins. (A) B103
cells were cultured in 60-mm culture dishes to near 90% confluence
and then starved in DMEM containing 0.5% FBS for 24 h. After
24 h starvation cells were treated with 0 to 20 M of resveratrol.
Whole cell lysates were subjected to 15% SDS-PAGE and the levels
of Bcl-2, Bel-xL, and Mcl-1 were detected by western blotting as
described in materials and methods. £-actin was used as a loading
control. (B~D) The intensities of the Bcl-2 bands, the Bel-xL. bands
and the Mcl-1 bands were determined by densitometric scanning
and analyzed by Bio-Profil software and the expression levels were
normalized to 5 -actin. Results are meantS.E. and representatives
of three independent experiments are shown (n=3, *p< 0.05, **p<
0.01, ***p<0.001).
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Fig. 4. Effects of resveratrol in caspase expression. (A) B103 cells
were cultured in 60-mm culture dishes to near 90% confluence and
then starved in DMEM containing 0.5% FBS for 24 h. They were
treated with O to 20 «M of resveratrol for 48 h. Levels of caspase-9
and -3 proteins were detected by western blotting. £ -actin was
used as a loading control. (B, C) The intensities of the cleaved
caspase-9 bands and the cleaved caspase-3 bands were determined
by densitometric scanning and analyzed by Bio-Profil software and
the expression levels were normalized to £ -actin. Results are mean
+S.E. and representatives of three independent experiments are
shown (n=3, *p<0.05, **p<0.01). (D) B103 cells were cultured in
96-well dishes to near confluence 50~60% and then starved in
DMEM containing 0.5% FBS for 24 h. After starvation cells were
pretreated with 10 M DEVD-FMK for 1 h just before exposure
to 15 M resveratrol for 48 h. Cell number was quantified by CCK-8
kit. Results are means+SE and representatives of three independent
experiments are shown (n=3, *p<0.05).

Resveratrol induces the activation of caspase-9 and
caspase-3 on Rat B103 neuroblastoma cells

To elucidate the molecular events required to involve in
death by the activation of apoptosis induced by resveratrol
in B103 cells, we next assessed the levels of some caspases
including caspase-9 and -3 by western blot and densitome-
try analysis. However, we found that active form of cas-
pase-9 and caspase-3 were dose-dependently up-regulated
induced by resveratrol in B103 cell, but remarkably, procas-
pase-9 and -3 was downreguled at 48 h incubation (Fig. 4A).
As shown by densitometry analysis, resveratrol dose-de-
pendently upregulated cleaved caspase-9 expression in
which at least 3.9 fold increases at 5 ©«M concentrations
and after 10 to 20 «M resveratrol significantly and dose-
dependently increased (Fig. 4B), while cleaved caspase-3 al-
so was dose-dependently and significantly up-regulated
during this apoptosis process in B103 cells compare to un-
treated cells (Fig. 4C). To ensure this effect was a direct
activation of the effector caspase-3 activation we used cas-
pase-3 inhibitor in resveratrol-induced B103 cells. Interes-
tingly, we found that resveratrol-induced cellular apoptosis
was almost significantly decreased by the caspase-3 in-
hibitor, DEVD-FMK, in B103 cells (Fig. 4D). Therefore, it
is clear that resveratrol selectively induces apoptosis
through the intrinsic caspase mediated pathway in B103
neuroblastoma cells.

DISCUSSION

The present study was designed to define the mecha-
nism(s) of the cellular antiproliferative and cytotoxic prop-
erties of resveratrol in Rat B103 neuroblastoma cell which
suggesting to development of a novel approaches for the
management of cancer cells. However, there are no reports
regarding the mechanisms involved in the induction of pro-
grammed cell death by resveratrol in B103 cells. In this
study, we also investigated the molecular mechanism of
apoptosis in B103 cells and focused our mechanistic inves-
tigations on caspases activation as well as Bel-2 family pro-
tein expression. Additionally, it will also be necessary to
determine why the degree of response to resveratrol varies
among different types of molecular mechanisms in neuro-
blastoma cancer cells.

Apoptosis is one of the most prevalent pathways through
which chemotherapeutic agents can inhibit the overall
growth of cancer cells [8,16]. In vitro as well as in vivo stud-
ies have suggested that resveratrol may impart chemo-
preventive effects against certain cancers including skin
cancer [22,23]. Our main finding was that half-maximal in-
hibition of cell viability was observed in the above 17 «M
range of resveratrol, and ICs, values decreased with in-
creasing incubation doses and times (Fig. 1). However, con-
centrations that caused cytotoxic effects of cell morphology
and induced apoptosis detected by DNA fragments were ob-
served to be higher than the untreated cells (Fig. 1). This
might be due to an initial inhibition of DNA synthesis and
arrest of cells in the S-phase (Fig. 2A, B) through the
dose-dependently and significantly downregulation of cyclin
D1 protein expression (Fig. 2). This observation suggests
that the potential in vitro efficacy of resveratrol in B103
cells to be useful in the prevention of neuroblastoma carci-
noma. Moreover, it remains to be determined whether re-
sveratrol suppresses the development of neuroblastoma
cancer in both animal and human cancer models.

Bel-2 family proteins play an important role in the regu-
lation of the mitochondrial pathway, since these proteins
localize to intracellular membranes such as the mitochon-
drial membrane [24]. They comprise both anti-apoptotic
members, e.g. Bel-2 or Bel-xL, as well as pro-apoptotic mole-
cules such as Bax and BH3 domain only molecules, e.g. Bid
[24]. Imbalances in the ratio of anti- and pro-apoptotic Bcl-2
proteins may favour tumor cell survival instead of cell
death [24]. In addition, altered expression of Bcl-2 family
proteins has been reported in various human cancers [25].
In this study shown that treatment of B103 cells with re-
sveratrol resulted in a dose-dependently and significantly
decreased in the levels of the anti-apoptotic proteins Bcl-2,
Bel-xLi and Mcl-1 (Fig. 3). The finding of this study demon-
strates that the alteration in Bcl-2 family proteins con-
tributed to an increase in mitochondrial membrane perme-
ability in resveratrol-treated Rat B103 neuroblastoma cells
via the intrinsic-mediated apoptotic pathway.

In the mitochondria-mediated pathway, apoptotic stimuli
enhances the permeability of the outer mitochondrial mem-
branes and releases pro-apoptotic factors into the cyto-
plasm which subsequently bind to apoptosis protease-acti-
vating factor 1 (Apaf-1) and inactive procaspase-9 to form
an apoptosome, thereby resulting in caspase-9 activation
which triggers the subsequent cleavage of caspases-3.
Because most cell types require activation of the caspase
pathway if apoptosis is occur that might activate caspase-9
and caspase-3, a key executioner of apoptosis [26-28], whose
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activation is essential to apoptosis [29,30]. Moreover, acti-
vation of caspase-3 results in cleavage of cellular substrates
critical for cell survival, such as PARP which cleaved DNA
[29,30]. In the present study, we found that resveratrol
dose-dependently and significantly activated caspase-3 via
the downregulation of procaspase-9 and-3 (Fig. 4) as a re-
sults cell become apoptotic death. Based on our observa-
tions, we suggest that resveratrol-induces apoptosis are
mediated through the mitochondria-mediated intrinsic cas-
pase pathway.

In summary our studies have demonstrates that resvera-
trol treatment of Rat B103 neuroblastoma cells resulted in
an S-phase cell cycle arrest which dounregulates cyclin D1
protein and underwent apoptosis via the process of DNA
fragmentation. In addition, resveratrol downregulates the
expression of anti-apoptotic Bel-2 family proteins and acti-
vates caspase which suggests that involvement of intrinsic
mitochondria-mediated apoptosis in B103 cells. Therefore,
the present study suggests that resveratrol would be used
as a potential therapeutic purpose in neuron cancer cell for
the patients with neuroblastoma malignancies.
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